CERAMIC CAPACITOR AND METHOD FOR THE MANUFACTURE THEREOF 



Field of the Invention 

5 The present invention relates to a ceramic capacitor 

and method for manufacturing same; and, more particularly, 
to a ceramic capacitor having prolonged lifetime by using a 
precise control of a dielectric layer composition and a 
manufacturing method therefor. 

10 

Background of the Invention 

Generally, a ceramic capacitor includes a chip-shaped 
sintered body and a pair of electrodes formed at two 

15 opposite sides thereof. In case of a multi-layer ceramic 
capacitor, the sintered body is generally made of 
alternately laminated dielectric layers and internal 
electrodes. Every two neighboring internal electrodes face 
each other through a dielectric layer disposed therebetween, 

20 and are electrically coupled to different external 
electrodes, respectively . 

The dielectric layer is formed of a reduction- 
resistant dielectric ceramic, which includes ceramic grain 
primarily composed of BaTi03, and an additive having a glass 

25 component serving to combine the ceramic grains. The 
internal electrodes are made of sintered conductive paste 
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primarily composed of, e.g., Ni metal powder. Sintering as 
defined herein represents a process in which individual 
particles are densified through modification and bonding 
below melting point thereof to have a poly-crystalline 
5 structure in a shape of mass. 

The sintered body is made by performing removal of 
binder from alternately laminated ceramic green sheets and 
internal electrode patterns, sintering in a non-oxidizing 
atmosphere at a high temperature of about 1200 ~ 1300 °C , 

10 and thereafter re-oxidizing under a mild oxidation condition. 

If a ratio of Ba/Ti (A/B) of BaTi0 3 contained in the 
dielectric layers is equal to or less than 1.000 and 
sintering is performed in a reducing atmosphere, the 
sintered product does not function as a capacitor, since the 

15 constituents of the dielectric ceramic become semi- 
conductive during sintering and thus insulating properties 
thereof is deteriorated. To improve reduction-resistant 
properties of the dielectric ceramic, a ratio A/B of BaTi0 3 
is required to be greater than 1.000. For making A/B 

20 greater than 1.000, it has been proposed to put an A-site 
component such as barium, strontium, and calcium greater 
than a stoichiometric ratio. 

However, when sintering the dielectric ceramic having 
thus enhanced reduction-resistant characteristics, the A- 

25 site component of the perovskite crystal structure diffuses 
to grain boundaries so that the ratio A/B of ceramic grains 
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becomes lowered. Therefore, reduction-resistance of the 
dielectric ceramic is deteriorated and oxygen deficiencies 
increase, resulting in a lifetime, i.e., a reliability, of a 
ceramic capacitor to be degraded. 

5 

Summary of the Invention 

It is, therefore, an object of the present invention 
to provide a ceramic capacitor and a method for the 

10 manufacture thereof, which has a prolonged lifetime and high 
reliability, wherein an A-site component of the perovskite 
crystal structure is prevented from diffusing into grain 
boundaries and thus the reduction of the ratio A/B in 
ceramic grains is effectively suppressed and the reduction 

15 resistance thereof is guaranteed. 

In accordance with one aspect of the present invention, 
there is provided a ceramic capacitor having at least one 
dielectric layer and at least two electrodes having the 
dielectric layer therebetween, wherein the dielectric layer 

20 is formed of a dielectric ceramic having a sintered ceramic 
grain of a perovskite crystal structure in a form of AB0 3 , a 
ratio A/B of an outer portion of the ceramic grain is 
greater than that of an inner portion of the ceramic grain. 

In such structure, the A-site component of the 

25 perovskite crystal structure will not be diffused to grain 
boundaries and reduction-resistance of the outer portion of 
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a ceramic grain can be improved. Accordingly, the ceramic 
capacitor in accordance with the present invention has an 
improved reduction resistant dielectric layer, which gives 
rise to prolonged lifetime, and improved electric 
5 characteristics such as insulating resistance. 

Herein, a dielectric ceramic of the present invention 
is preferably BaTiC>3 or SrTi03 based ceramic. However, 
other alternative dielectric ceramic may also be used if it 
is composed of sintered ceramic grains having the perovskite 

10 crystal structure. 

The drawing of the invention shows ceramic grains, 
outer portions thereof, inner portions thereof, and grain 
boundaries of a sintered body. The outer portion of a 
ceramic grain indicates a portion of the ceramic grain from 

15 the outer surface toward the center thereof up to about 10 
nm in depth and the inner portion of a ceramic grain 
represents a portion thereof inside the outer portion. The 
outer portion of a ceramic grain does not refer to a part of 
the grain boundary but a portion inside of the ceramic grain. 

20 A ratio of A/B, e.g., of Ba x Ti y 0 3 , denotes molar ratio x/y of 
Ba and Ti. 

In the perovskite crystal structure of the present 
invention, a ratio A/B of the outer portions of ceramic 
grains composing a sintered ceramic body is greater than 
25 that of the center portions thereof. In such a structure, 
an A-site component of the perovskite structure would not 
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diffuse to grain boundaries. The ratio A/B of the outer 
portions of the ceramic grains is preferably to be within a 
range of about 1.000 < A/B < 1.015. If the ratio A/B is 
equal to or lower than about 1.000, reduction-resistance is 
5 reduced and required IR ( insulation resistance) lifetime is 
not achieved, thereby deteriorating the reliability. On the 
other hand, if the ratio A/B is greater than about 1.015, 
required sintered features and electrical characteristics or 
required growth of grain and electrical characteristics 

10 cannot be achieved. However, within such range of 1.000 < 
A/B ^ 1.015, required electrical properties can be achieved 
It is also preferable that an amount of an A-site 
component ranging from about 0.05 to 0.1 mole per 100 moles 
of a primary component forming the ceramic grain is included 

15 in an additive containing a glass component to be used in 
combining ceramic grains. If the A-site component is 
included less than about 0.05 mole, the A-site component 
diffuses from the outer portions of the ceramic grains into 
the grain boundaries and the ratio A/B at the outer portions 

20 is lowered, which reduces reduction-resistance, thereby 
deteriorating the reliability. If the A-site component is 
included more than about 0.1 mole, the A-site component 
becomes a surplus and as a result the ratio A/B of the 
ceramic grains in the outer portions exceeds 1.015, thereby 

25 making it impossible to get the required growth of grain and 
electrical properties. On the other hand, if the A-site 
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component is included within a range from about 0.05 to 0.1 
mole, the diffusion of the A-site component from the ceramic 
grains into the grain boundaries is suppressed and the ratio 
A/B of ceramic grains is not allowed to be lowered, which 
5 yields the ratio A/B of the outer portions to be greater 
than that of the inner portion and also the ratio A/B of the 
outer portions to be within the range of about 1.000 < A/B 
^ 1.015, thereby enabling the required electrical 
properties to be obtained. 

10 In accordance with another aspect of the invention, 

there is provided a method for manufacturing a ceramic 
capacitor including the steps of making unsintered ceramic 
powder, forming ceramic green sheets by mixing the 
uncalcined ceramic powder and an organic binder, printing 

15 internal electrodes on the ceramic green sheets to provide 
electrode printed green sheets, laminating the electrode 
printed green sheets, cutting the laminated ceramic green 
sheets according to the printed internal electrodes pattern 
to provide chip-shaped laminated bodies, and sintering the 

20 chip-shaped laminated bodies, wherein the unsintered ceramic 
powder includes a primary component of a perovskite crystal 
structure in a form of AB0 3 and an additive containing an A- 
site component of the perovskite crystal structure. 

The unsintered ceramic powder is e.g., BaTiC>3 and 

25 SrTi0 3 family, but other alternative ceramic powder that can 
form a sintered ceramic body having perovskite crystal 
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structure may be used. 

Further, as an additive having, e.g., Si0 2 , Li 2 0, B 2 0 3 
or a combination thereof as a main component can be used, 
but other alternative may be included in the additive. 
5 It is preferable for an amount of the additive to be 

ranged from about 0.1 to 1.0 part by weight with respect to 
100 moles of a primary component forming the ceramic grains. 
If the amount of the additive is less than about 0.1 part by 
weight, a required growth of grain and electrical properties 

10 cannot be obtained, whereas if the amount of the additive is 
greater than 1.0 part by weight, a growth of grain is hard 
to control for obtaining the required electrical properties 
or excessive growth of grains may occur, resulting in 
degraded reliability. However, the amount of additive 

15 ranging from about 0.1 to 1.0 part by weight makes it 
possible to obtain the required electrical properties. 

Further, one or more components selected from the 
group consisting of barium, calcium, and strontium may be 
used as the A-site component included in the additive, but 

20 other alternative material may also be used. 

It is also preferable that an amount of an A-site 
component ranging from about 0.05 to 0.1 mole per 100 moles 
of a primary component forming the ceramic grain is included 
in an additive containing a glass component to be used in 

25 combining the ceramic grains. If the A-site component is 
included less than about 0.05 mole, the A-site component 
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diffuses from the outer portions of the ceramic grains into 
the grain boundaries and the ratio A/B at the outer portions 
is lowered, which reduces reduction-resistance, thereby 
deteriorating the reliability. If the A-site component is 
5 included more than about 0.1 mole, the A-site component 
becomes a surplus and as a result the ratio A/B of the 
ceramic grains in the outer portions exceeds 1.015, thereby 
making it impossible to get the required growth of grain and 
electrical properties. On the other hand, if the A-site 

10 component is included within a range from about 0.05 to 0.1 
mole, the diffusion of the A-site component from the ceramic 
grains into the grain boundaries is suppressed and the ratio 
A/B of ceramic grains is not allowed to be lowered, which 
yields the ratio A/B of the outer portions to be greater 

15 than that of the inner portion and also the ratio A/B of the 
outer portions to be within the range of about 1.000 < A/B 
^ 1.015, thereby enabling the required electrical 
properties to be obtained. 

20 Brief Description of the Drawings 

The above and other objects and features of the 
present invention will become apparent from the following 
description of preferred embodiments given in conjunction 
25 with the accompanying drawing, which schematically shows 
ceramic grains 1, outer portions thereof 2, inner portions 
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thereof 5, and grain boundaries 4 of a sintered body 3. 
Detailed Description of the Preferred Embodiments 
5 EXAMPLE 1 

A-site components having a molar ratio of 
Ba : Ca=0 . 90 : 0 . 10 and B-site components having a molar ratio 
of Ti : Zr=0 . 850 : 0 . 150 were calcined for forming a primary 
10 component Bai- x Ca x Tii-yZry0 3 . 

Next, with respect to 100 moles of the primary 
component Bai-xCaxTix-yZryOs, 1.0 mole of Mn and 1.0 mole of Ho 
were added thereto as minor additives and then mixed and 
stirred for 15 hours in a ball mill. 

15 Tetraethoxysilane was slowly added to 100 ml of 

ethanol by using a dropping pipette so that 0.7 part by 
weight of Si0 2 was present in the solution with respect to 
100 moles of the primary component and stirred at room 
temperature for 15 minutes. Further, barium acetate was 

20 weighed so that about 0 to 0.12 mole of barium was present 
with respect to 100 moles of the primary component (not 
including Si0 2 powder, Mn and Ho) and fully dissolved in 
ethylene glycol. Above-obtained solution was added to the 
tetraethoxysilane solution slowly and stirred at room 

25 temperature for 15 minutes for obtaining sol. 

Next, the above-obtained sol was added to the 
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BaCaTiZr0 3 slurry, and the mixture was stirred for 30 
minutes in a ball mill and dried to obtain various types of 
unsintered ceramic powders in which about 0 to 0.12. mole of 
barium was present with respect to 100 moles of the primary 
5 component. 

Next, by using the unsintered ceramic powder, ceramic 
slurry was obtained, from which ceramic green sheets, each 
having a thickness of about 5 //m, were obtained. Thereafter, 
internal electrodes were printed on the ceramic green sheets 

10 and 10 ceramic green sheets were laminated, followed by 
removing binder therefrom, and sintering at high temperature, 
consequently obtaining various ceramic capacitors. 

Next, a ratio A/B of outer portions, i.e., portions 
from surface to 10 nm in depth toward center, of the ceramic 

15 grains forming dielectric layers of the ceramic capacitors 
and a ratio A/B of inner portions of the ceramic grains were 
examined, respectively, wherein the ratio A/B of inner 
portions were sampled from points about 10 nm below the 
outer portions (i.e., about 20 nm below the surfaces of the 

20 ceramic grains) . The result of the examination is described 
in test specimen numbers 1 to 10 of Table 1. In addition, 
an IR lifetime of the ceramic capacitor is also described. 

The ratio A/B of the outer portions and inner 
portions of ceramic grains were tested by spot quantitative 

25 analysis by using a TEM-EDX method for 50 ceramic grains, 
wherein 10 spots for each of the outer portion and inner 
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portion of every grain were examined, and 4 significant 
figures (rounded up to the third floating point) were 
measured and averaged. The IR lifetime of the ceramic 
capacitor was defined as the duration of time at which an 
5 order of resistance was changed when a voltage of 20V//zm was 
applied at a temperature of 200 °C . This is equally applied 
to the following EXAMPLES 2 and 3. 

As seen in test specimen numbers 4 to 9 of Table 1, 
barium contained in the additive in an amount ranging from 

10 about 0.05 to 0.1 mole yielded the ratio A/B of the outer 
portions of the ceramic grains that ranged from 1.000 to 
1.015 and satisfied required lifetime characteristics ( IR 
lifetime over 2 hours) . On the other hand, when the amount 
of barium contained in the additive was less than about 0.05 

15 mole as in the test specimen numbers 1 to 3, the ratio A/B 
of the outer portions of the ceramic grains became no more 
than 1.000 and could not satisfy required lifetime. In 
addition, when the amount of barium contained in the 
additive was more than about 0.1 mole as in the test 

20 specimen number 10, the ratio A/B of the outer portions of 
the ceramic grains became greater than 1.015, so that a 
required sintering, electrical properties or growth of grain 
could not be obtained. 

25 EXAMPLE 2 
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A-site components having a molar ratio of 
Ba : Ca=0 . 95 : 0 . 05 and B-site components having a molar ratio 
of Ti : Zr=0 . 920 : 0 . 080 were calcined for forming a primary 
component Bai_ x Ca x Ti 1 - y Zry03 . 
5 Next, with respect to 100 moles of the primary 

component Bai- x Ca x Tii- y Zr y 03, 1.0 mole of Mn and 1.5 moles of 
Ho were added thereto as minor additives and then mixed and 
stirred for 15 hours in a ball mill. 

And, tetraethoxysilane was slowly added to 100 ml of 

10 ethanol by using a dropping pipette so that about 0.9 part 
by weight of Si0 2 was present in the solution with respect 
to 100 moles of the primary component and stirred at room 
temperature for about 15 minutes. Further, barium acetate 
was weighed so that about 0 to 0.12 mole of barium was 

15 present with respect to 100 moles of the primary component 
and fully dissolved in ethylene glycol. Above-obtained 
solution was slowly added to the tetraethoxysilane solution 
and stirred at room temperature for 15 minutes for obtaining 
sol . 

20 Next, the above-obtained sol was added to the 

BaCaTiZr0 3 slurry and the mixture was stirred for 30 minutes 
in a ball mill and dried to obtain various types of 
unsintered ceramic powders in which about 0 to 0.12 mole of 
barium was present with respect to 100 moles of the primary 

25 component . 

Next, by using the unsintered ceramic powder, ceramic 
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slurry was obtained, from which ceramic green sheets, each 
having a thickness of about 5 were obtained. Thereafter, 

internal electrodes were printed on the ceramic green sheets 
and 10 ceramic green sheets were laminated, followed by 
5 removing binder therefrom, and sintering at high temperature, 
consequently obtaining various ceramic capacitors. 

Next, a ratio A/B of outer portions, i.e., portions 
from surface to 10 nm in depth toward center, of the ceramic 
grains forming dielectric layers of the ceramic capacitors 

10 and a ratio A/B of inner portions of the ceramic grains were 
examined, respectively, wherein the ratio A/B of inner 
portions were sampled from points about 10 nm below the 
outer portions (i.e., about 20 nm below the surfaces of the 
ceramic grains) . The result of the examination is described 

15 in test specimen numbers 11 to 20 of Table 1. In addition, 
an IR lifetime of the ceramic capacitor is also described. 

As seen in test specimen numbers 14 to 19 of Table 1, 
barium contained in the additive in an amount ranging from 
about 0.05 to 0.1 mole yielded the ratio A/B of the outer 

20 portions of the ceramic grains that ranged from 1.000 to 
1.015 and satisfied required lifetime characteristics. On 
the other hand, when the amount of barium contained in the 
additive was less than about 0.05 mole as in the test 
specimen numbers 11 to 13, the ratio A/B of the outer 

25 portions of the ceramic grains became no more than 1.000 and 
could not satisfy required lifetime. In addition, when the 
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amount of barium contained in the additive was more than 
about 0.1 mole as in the test specimen number 20, the ratio 
A/B of the outer portions of the ceramic grains became 
greater than 1.015, so that a required sintering, electrical 
5 properties or growth of grain could not be obtained. 

EXAMPLE 3 

A-site components having a molar ratio of 

10 Ba : Ca=0 . 90 : 0 . 10 and B-site components having a molar ratio 
of Ti : Zr=0 . 850 : 0 . 150 were calcined for forming a primary 
component Bai- x Ca x Tii_yZr y C>3 . 

Next, with respect to 100 moles of the primary 
component Bai_xCa x Tii- y Zr y 03, 1.0 mole of Mn and 1.0 mole of Ho 

15 were added thereto as minor additives and then mixed and 
stirred for 15 hours in a ball mill. 

And, tetraethoxysilane was slowly added to 100 mi of 
ethanol by using a dropping pipette so that about 0.05 to 
1.30 part by weight of Si0 2 was present in the solution with 

20 respect to 100 moles of the primary component and stirred at 
room temperature for about 15 minutes. Further, barium 
acetate was weighed so that about 0.07 mole of barium was 
present with respect to 100 moles of the primary component 
and fully dissolved in ethylene glycol. Above-obtained 

25 solution was slowly added to the tetraethoxysilane solution 
and stirred at room temperature for 15 minutes for obtaining 



- 14 - 



sol . 

Next, the above-obtained sol was added to the 
BaCaTiZr0 3 slurry and the mixture was stirred for 30 minutes 
in a ball mill and dried to obtain various types of 
5 unsintered ceramic powders in which about 0.05 to 4.00 part 
by weight of the additive including SiC>2 was present. 

Next, by using the unsintered ceramic powder, ceramic 
slurry was obtained, from which ceramic green sheets, each 
having a thickness of about 5 pm, were obtained. Thereafter, 

10 internal electrodes were printed on the ceramic green sheets 
and 10 ceramic green sheets were laminated, followed by 
removing binder therefrom, and sintering at high temperature, 
consequently obtaining various ceramic capacitors. 

Next, a ratio A/B of outer portions, i.e., portions 

15 from surface to 10 nm in depth toward center, of the ceramic 
grains forming dielectric layers of the ceramic capacitors 
and a ratio A/B of inner portions of the ceramic grains were 
examined, respectively, wherein the ratio A/B of inner 
portions were sampled from points about 10 nm below the 

20 outer portions (i.e., about 20 nm below the surfaces of the 
ceramic grains). The result of the examination is described 
in test specimen numbers 21 to 28 of Table 1. In addition, 
an IR lifetime of the ceramic capacitor is also described. 

As shown in test specimen numbers 22 to 26 of Table 1, 

25 an amount of additive ranging from about 0.1 to 1.0 part by 
weight satisfies required lifetime of the capacitor. On the 
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other hand, when the amount of the additive less than 0.1 
part by weight with respect to 100 moles of the primary 
component was added, as shown in test specimen number 21, 
sintered characteristics were deteriorated so that a 
5 required growth of grain and electrical properties could not 
be obtained. When the amount of additive exceeded about 1.0 
part by weight, as shown in specimen numbers 27 and 28, 
controlling the growth of grain became difficult, i.e., 
resulting in an excess growth of grain, thereby 
10 deteriorating the reliability of the ceramic capacitor. 
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1. Test specimen number marked by * is comparative example. 

2. Unit of A-site and B-site component is mole. 

3. The value of minor additives is mole with respect to 100 moles of the 

primary component . 

4. Unit of Si0 2 is part by weight. 
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COMPARATIVE EXAMPLE 

A-site components having a molar ratio of 
Ba : Ca=0 . 90 : 0 . 10 and B-site components having a molar ratio 
5 of Ti : Zr=0 . 850 : 0 . 150 were calcined to obtain the primary 
component Bai- x Ca x Tii- y Zr y 03, and then 1.0 mole of Mn and 1.0 
mole of Ho serving as minor additives and BaCC>3 and SiC>2 
functioning as an additive containing glass components were 
added for 100 moles of the primary component Bai- x Ca x Tii- y Zr y 03, 

10 which were then mixed and stirred for 15.5 hours in a ball 
mill to obtain unsintered ceramic powder. 

Next, ceramic slurry was formed by using the thus 
obtained unsintered ceramic powder, which was subsequently 
used in forming ceramic capacitors as in EXAMPLE 1. A ratio 

15 A/B of outer portions, i.e., portions from surface to 10 nm 
depth toward center of the ceramic grains forming dielectric 
layers of the ceramic capacitor and a ratio A/B of inner 
portions thereof were examined, respectively, wherein the 
ratio A/B of inner portions were sampled from points about 

20 10 nm below the outer portions (i.e., about 20 nm below the 
surfaces of the ceramic grains) . The result of the 
examination is described in Table 1 in test specimen numbers 
30 to 32. In addition, an IR lifetime of the ceramic 
capacitors is also described in Table 1 in test specimen 

25 numbers 30 to 32. 

Besides EXAMPLES 1 to 3, employing strontium as an A- 



- 18 - 



site component (test specimen number 29) and glass containing 
lithium and boron as an additive resulted in achieving the 
same results . 

In the present invention, by putting an A-site 
5 component in an additive, its diffusion from the perovskite 
structured grains into grain boundaries is prevented and a 
ratio A/B of an outer portion of a ceramic grain greater 
than that of an inner portion thereof is realized. In case 
of the ratio A/B of the outer portions of the ceramic grains 

10 ranging from about 1.000 to 1.015, the ratio A/B of the 
inner portions may take on a different value other than 
1.000 as was the case in Table 1. Accordingly, reduction- 
resistance is improved and the reliability of the product, 
such as insulating resistance or lifetime can be enhanced. 

15 While the invention has been shown and described with 

respect to the preferred embodiments, it will be understood 
by those skilled in the art that various changes and 
modifications may be made without departing from the spirit 
and scope of the invention as defined in the following 

20 claims. 
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